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Process for preparation of aminocarboxylic acids 

The present invention relates to a process for the production of amine-group-containing 
carboxylic acid salts by oxidation of corresponding primary alcohols in an aqueous alkaline 
medium at an elevated temperature in the presence of a modified Raney copper catalyst 

In WO 92/06069, O. Gomez et al. describe the oxidation of ethanol amines to carboxylic 
acids, whereby the reaction is carried out in an aqueous-alkaline medium in the presence of 
Raney copper as the oxidation catalyst. In order to be able to reuse the catalyst in further 
reaction cycles, it must be reactivated, in this case by treatment with formic acid and then 
thorough washing with demineralised water and sodium hydroxide solution. Nevertheless, 
repeated usage is restricted because the catalyst has too short a service life and 
deactivates continuously. 

In WO 94/24091, it is proposed that these disadvantages are remedied by doping 
(promoting) Raney copper with 10 to 50,000 ppm of an element or a metal, for example 
titanium, niobium, vanadium, molybdenum, manganese, nickel, lead and in particular 
chromium. The activity of the catalyst is only reduced thereby to a negligible extent. 
However, catalyst deactivation can be substantially improved. Of course, there is nothing to 
prevent the doping (promoting) metals, which are recognised as toxic, from reaching the 
reaction product, and after lengthy usage, the catalyst can no longer be reused. Simple 
reactivation is likewise impossible owing to the presence of doping (promoting) metals. 

It has now surprisingly been found that the catalyst activity can be increased, the selectivity 
is maintained, the deactivation is only slight and, if necessary, can be eliminated by simple 
treatment with the doping (promoting) agent, and in this way multiple reusage in further 
reaction cycles is possible, and increased activity is observed in part during reusage, if the 
doping (promoting) agent employed is an ecologically acceptable agent, for example boric 
acid, onium fluorides or salts with fluorine complex anions, or heteropoly acids. 

It was also surprisingly found that by adding adjuvants which contain carbaldehyde groups 
to the aqueous alkaline reaction medium, the catalyst activity and thus the reaction rate can 
be increased. 
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A first object of the invention is Raney copper, which is doped (promoted) with an effective 
quantity of a doping (promoting) agent selected from the group boric acid, onium fluorides, 
salts of fluorine complex anions, and heteropoly acids. 

Effective quantity means that a minimum quantity is used and the effects are generally not 
further improved beyond the upper limit of a preferred quantity range. The minimum 
quantity, based on Raney copper, is preferably 10 ppm, more preferably 20 ppm and most 
preferably 50 ppm, and the maximum quantity is preferably 10,000 ppm, more preferably 
8000 ppm and most preferably 5000 ppm. 

Boric acid H 3 B0 3 can be used as such in the treatment of Raney copper, or can be 
produced in the reaction medium from boric acid esters. 

The onium fluorides in question may be, for example, unsubstituted or substituted 
phosphonium fluorides and more preferably ammonium fluorides. They may correspond to 
formula I, 

r,xh-f~ (')> 

wherein X is N or P and the symbols R are identical or different and signify H, CrCao-alkyl, 
C^-Cao-hydroxyalkyl, Ci-C 4 -alkoxy-CrCi2-alkyl, CVCa-cycloalkyl, C 6 -C 10 -aryl, C7-C 12 -aratkyl or 
Ce-Ciralkaralkyl 

R may be linear or branched alkyl, which preferably contains 1 to 12, more preferably 1 to 8, 
most preferably 1 to 4 carbon atoms. Examples are methyl, ethyl, and the isomers of propyl, 
butyl, pentyl, hexyl, heptyl, octyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl and 
eicosyl. Alkyl is preferably linear and preferably denotes methyl, ethyl, n-propyl and n-butyl. 

R may be linear or branched hydroxyalkyl, which preferably contains 2 to 12, more 
preferably 2 to 8, most preferably 2 to 4 carbon atoms. Examples are hydroxyethyl, 
hydroxypropyl and hydroxybutyl. 
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R as alkoxyaikyl preferably signifies Ci-C 4 -aIkoxy-C2-C 4 -alkyl, whereby alkoxy is most 
preferably methoxy or ethoxy. Preferred examples are methoxyethyl and ethoxyethyl. 

R as cycioalkyl preferably contains 4 to 7, most preferably 5 or 6 ring carbon atoms. 
Examples of cycioalkyl are cyclopropyi, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and 
cyclooctyl. Cyclohexyl is especially preferred. 

R as aryl may be naphthyl and preferably phenyl. 

R as aralkyl is preferably phenylalkyl. Examples are benzyl and p-phenylethyl. 

R as alkaralkyl preferably signifies alkylbenzyl, examples being methylbenzyl, dimethyl- 
benzyl, trimethylbenzyl and ethylbenzyl. 

X in formula I preferably signifies N. 

One preferred group of compounds of formula I is that in which the symbols R are identical 
and are selected from the group H and d-C 4 -alkyI. The compound of formula I in question 
is most preferably NH 4 F. 

Of the salts of fluorine complex anions, the alkali metal salts and onium salts are preferred 
in particular. Alkali metal salts are preferably, for example, lithium, sodium and potassium 
salts. Onium cations have already been described for the fluorides. The alkali metal salts 
may correspond to formula II, 

wherein Me is NfV or an alkali metal cation, preferably LP, Na* und K\ and Y signifies a 
perfluorine complex anion from the group BF 4 \ AJF 4 \ PF 6 \ AsF 6 \ SbF 6 * or BiF 6 \ Preferred 
compounds are NaBF 4 , KBF 4 , NaPF 6 , KPF 6 and especially NH 4 BF 4 and NH 4 PF 6 . 

The heteropoly acids are preferably derived from the poly-acid-forming elements W, Mo and 
V, whereby the polyanions contain elements from the groups P, B, Si and Ge. Heteropoly 
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acids are known and are described for example by I. V. Kozhevnikov in Uspekhi Khimii . 
Volume 56, pages 1417 to 1443 (1987). Preferred heteropoly acids correspond to 
formula III, 

H n (ZM 12 04o) (HI). 

wherein Z is P, B, Si or Ge, M is a metal from the group W, Mo and V, and n is an integer 
from 3 to 6. Preferred examples are H 3 [P(Wi 2 04o)], H4[P(W 12 04o)] and H 5 [B(W 12 04o)]. 

The carbaldehyde-group-containing adjuvants are derived e.g. from formaldehyde, para- 
formaldehyde, the aliphatic d-Ci^alkylcarbaldeydes, aromatic carbaldehydes and the 
corresponding dicarbaldehydes, whereby the aromatic rings may be substituted by Ci-C 6 - 
alkyl or by OH. Of these, d-Cs-alkylcarbaldehydes, benzaldehyde, cuminaldehyde and 4- 
hydroxybenzaldehyde are preferred for example. 

These carbaldehyde-group-containing adjuvants are conveniently employed in an amount 
ranging from 0.1 mol% to 50 mol%, preferably 1 mol% to 20 mol%, most preferably 2 mol% 
to 10 mol%, based on the primary amino alcohols of formula IV. 

Production of the catalysts may take place in known manner, whereby an aqueous 
suspension of Raney copper is mixed with an aqueous solution of the modifying agent, the 
mixture is stirred or left to stand for a while, and then the impregnated Raney copper is 
filtered off or decanted and dried. The catalyst may also be produced and used in situ, 
whereby the aqueous mixture comprising catalyst and modifying agent is used directly after 
impregnation for the oxidation of primary alcohols. The catalyst may be used repeatedly. 
What is particularly advantageous here is that, when a loss of activity is first observed, 
further modifying agent is dispensed into the reaction mixture, and the loss of activity can 
be significantly to totally eliminated. In general, activated Raney copper is used for the 
modification. This is available commercially. Activation of Raney copper may be carried out 
whereby commercial Raney copper is treated for ca. 2 hours at a temperature of for 
example 200°C with a mixture of nitrogen and hydrogen (volume ratio for example 4:1), and 
is then cooled under a protecting gas (for example argon). 

A further object of the invention is a process for the production of amine-group-containing 
carboxylic acid salts by oxidation of amine-group-containing primary alcohols in an 
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aqueous-alkaline reaction medium, in the presence of a modified Raney copper catalyst 
and at elevated temperature, the process being characterised in that the Raney copper is 
doped (promoted) with an effective quantity of a modifying agent selected from the group 
boric acid, onium fluorides, salts of fluorine complex anions and heteropoly acids. 

The above-described embodiments and preferences apply to the modified Raney copper. 
The catalyst may be employed in a quantity of 0.1 to 30 % by weight, preferably 0.5 to 20 % 
by weight, more preferably 0.5 to 15 % by weight, most preferably 1 to 10 % by weight, 
based on the primary alcohol. 

The reaction temperature may be for example from 80 to 300°C, preferably from 100 to 250 
°C. 

The reaction is advantageously carried out under excess pressure. The pressure may be, 
for example, from 1 to 50 bars, preferably 2 to 25 bars, most preferably 5 to 15 bars. 

The reaction is carried out in an alkaline reaction medium, preferably in the presence of 
NaOH or KOH. The amount of alkali base in the reaction mixture is advantageously 
calculated such that at least equal molar amounts of alkali base are present in relation to 
the primary amine. It is appropriate to use an excess of alkali base, for example one to five 
times, preferably up to three times, most preferably up to double the molar excess. 

The amines may contain 1 to 3 primary alcohol groups, and the amines may be primary, 
secondary or tertiary amines. 

The amine-group-containing primary alcohols may corresponds, for example, to formula IV, 

N Cl^OH (|V), 

wherein R n and R 2 , independently of one another, are H, linear or branched, d-Cie-alkyl 
either unsubstituted or substituted by F, CI, Br, -NH 2 , CrGralkoxy, C,-C 4 -halogenaJkyl or 
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-COOH; CrCa-cycloalkyl, Ce-Cio-aryt or CrCiraralkyl either unsubstituted or substituted by 
F, CI, Br, -NH 2 , C,-C«-aIkyl, d-C^alkoxy, d-C 4 -halogenalkyl; phosphonomethyl; R t and R 2 
together are tetramethylene or pentamethylene; or Ri and R 2 , independently of one 
another, have the significance R3-CH2OH; and R3 is linear or branched d-CiT-alkylene 
which is uninterrupted or is interrupted by C3-Crcycioalkyl or Ce-Cio-aryl. 

Ri and R 2 as alkyl preferably contain 1 to 12, more preferably 1 to 8, most preferably 1 to 4 
carbon atoms. Examples and preferences of alkyl have already been described. 

R t and R 2 as cycloalkyl preferably contain 4 to 7, most preferably 5 or 6 ring carbon atoms. 
Examples of cydoalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and 
cyclooctyl. Cyclohexyl is especially preferred. 

Rt and R 2 as aryl may be naphthyl and preferably phenyl. 

Ri and R 2 as aralkyl are preferably phenylalkyl. Examples are benzyl and p-phenylethyl. 

R3 as alkylene preferably contain 1 to 12, more preferably 1 to 8, most preferably 1 to 4 
carbon atoms. Examples of alkylene are methylene, 1.1- or 1 ,2-ethylene, 1,1-, 1,2- or 1,3- 
propylene, 1,1-, 1,2-, 1,3- or 1 ,4-butylene, 1,1-, 1,2-, 1,3-, 1,4- or 1,5-pentylene, 1,1-, 1,2-, 
1,3-, 1,4-, 1,5- or 1,6-hexylene, 1,1-, 1,2-, 1,3-, 1,4-, 1,5-, 1,6- or 1,7-heptylene, 1,1-, 1.2-, 
1,3-, 1,4-, 1,5-, 1,6-, 1,7- or 1 ,8-octylene, nonylene, decylene, undecylene, dodecylene, 
tridecylene, tetradecylene, pentadecylene, hexadecylene and heptadecylene. 

The group -R 3 CH 2 OH preferably signifies 4-hydroxybutyl, 3-hydroxypropyl and most 
preferably 2-hydroxyethyl. 

One preferred sub-group of compounds of formula IV corresponds to formula IVa, 



/ 



N CH, CH,OH 



(IVa). 
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wherein R t and R 2l independently of one another, signify H or unsubstituted or -NHr or 
-COOH-substituted Ci-C t2 -Alkyl or -CH 2 CHrOH. 

In formula IVa, Ri and R 2l independently of one another, preferably signify H, C,-C 4 -alkyl or 
-CH r CH 2 -OH. Another preferred sub-group is compounds of formula IVa, in which R } is 
-CH2CH2-OH and R 2> independently of one another, are H, d-C 4 -alkyl or -CHrCHrOH. 

Some examples of compounds of formula IV are ethanolamine, diethanolamine, triethanol- 
amine, N-methylethanolamine, N-dimethylethanolamine, N-methyldiethanolamine, N-ethyl- 
ethanolamine, N-(n-propyl)ethanolamine, N-(n-propyl)ethanolamine, N-(n-butyl)ethanol- 
amine, N-(n-pentyl)ethanolamine, N-(n-hexyl)ethanolamine, N-{n-octyl)ethanolamine, N-(n- 
decyl)ethanolamine f N-(n-dodecyl)ethanolamine, N-(n-tetradecyl)ethanoIamine, N-(n-hexa- 
decyl)ethanolamine f N-(n-octadecyl)ethanolamine, N-(di-n-propyl)ethanolamine, N-(di-n- 
butyl)ethanolamine, N-(di-n-hexyl)ethanolamine, 3-hydroxypropyiamine, di-{3-hydroxy- 
propyl)amine, tri-(3-hydroxypropyl)amine, 4-hydroxybutylamine, di-(4-hydroxybutyl)amine, 
tri-(4-hydroxybutyl)amine, 5-hydroxypentylamine, di-(5-hydroxypentyl)amine, tri-{5-hydroxy- 
pentyl)amine, 6-hydroxyhexylamine, di-(6-hydroxyhexyl)amine, tri-(6-hydroxyhexyl)amine, 8- 
hydroxyoctylamine, di-(8-hydroxyoctyl)amine, tri-(8-hydroxyoctyl)amine, 1 2-hydroxy- 
dodecylamine, di-(1 2-hydroxydodecyl)amine, tri-{1 2-hydroxydodecyl)amine, 1 8-hydroxy- 
octadecylamine, N-methyl-(3-hydroxypropyl)amine, N-methyl-(4-hydroxybutyl)amine, N- 
methyl-(6-hydroxyhexyl)amine f (2-aminoethyl)ethanolamine, di-(2-aminoethyl)ethanolamine f 
phosphonomethyiethanolamine, diphosphonomethylethanolamine. 

The compounds of formula IV are known, are partly commercially available or may be 
produced by processes that are similar to those described in literature. 

The process according to the invention may be carried out, for example, in such a way that 
the catalyst is placed in an autoclave, then first of all the primary alcohol is added, optionally 
in water, followed by the alkali lye, the autoclave is sealed and the reaction mixture stirred, 
and the reaction is commenced whilst heating. The reaction generally continues until the 
hydrogen generation is no longer observed. The catalyst can be decanted from the cooled 
reaction mixture and used for the next reaction. The alkali metal salts of carboxylic acids 
that are formed may be isolated and optionally purified in the usual manner. The salts may 
also be converted into the free carboxylic acids and derivatives thereof, such as acid 
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amides and acid esters. The process according to the invention is suitable for production on 
an industrial scale. 

The aminocarboxylic acids that may be produced according to the invention can be used for 
many purposes. Glycine is employed for food production. Aminocarboxylic acids are known 
complexing agents, which are used in the detergent industry and in water treatment. In 
addition, the amino alcohols may be used in the production of ionic surfactants. The amino 
alcohols are also valuable intermediates in the production of pharmaceutical and pesttcidal 
compositions. 

The following examples illustrate the invention more fully. 

Example 1 : Oxidation of diethanolamine 

a) Preparation of the catalyst 

A suspension of 8.26 g of activated Raney copper in 20 ml of water is stirred with 1.0 g of a 
10% solution of NH4B4 in water, and then left to stand for 15 minutes. The whole mixture is 
subsequently transferred to a 300 ml nickel autoclave. 

b) Oxidation of diethanolamine 

To the catalyst are added 42.8 g of diethanolamine (0.4 moles), 20 ml of water and 38 g of 
NaOH (0.95 moles) in the form of a 50% aqueous solution. Afterwards, heating is effected 
to 160°C (9.5 bars, pressure regulating valve) and stirring takes place until the hydrogen 
generation is no longer observed (200 minutes). The yield of iminodiacetic acid disodium 
salt according to NMR analysis is more than 99% by weight 

c) Reuse of the catalyst 

The autoclave containing the reaction mixture is cooled to 100°C. The supernatant solution 
is suctioned off through a riser, and the modified Cu catalyst remains in the autoclave. 
Then, diethanolamine and NaOH are added in the above-described proportions and reacted 
under the specified conditions. Up to the fifth reuse, the catalyst shows only slight activity 
loss (290 minutes, 92% by weight), and selectivity is maintained. Renewed impregnation 
with NH4BF4 gives a catalyst with the original high activity and selectivity. 
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Example 2 : Oxidation of diethanolamine 

a) Preparation of the catalyst 

A suspension of 8.26 g of activated Raney copper in 20 ml of water is stirred with 0.25 g of 
H3(PW 12 04o) in 20 ml of water, and then left to stand for 15 minutes. The whole mixture is 
subsequently transferred to a 300 ml nickel autoclave. 

b) Oxidation of diethanolamine 

To the catalyst are added 42.8 g of diethanolamine (0.4 moles), 20 ml of water and 33.6 g 
of NaOH (0.84 moles) in the form of a 50% aqueous solution. Afterwards, heating is 
effected to 160°C (9.5 bars, pressure regulating valve) and stirring takes place until the 
hydrogen generation is no longer observed (3 hours). The yield of iminodiacetic acid 
disodium salt according to NMR analysis is 97% by weight. 

c) Reuse of the catalyst 

The autoclave containing the reaction mixture is cooled to 100°C. The supernatant solution 
is suctioned off through a riser, and the modified Cu catalyst remains in the autoclave. 
Then, diethanolamine and NaOH are added in the above-described proportions and reacted 
under the specified conditions. Up to the eighth reuse, the catalyst shows only slight activity 
loss (5 hours, 89% by weight), and selectivity is maintained. Renewed impregnation with 
H 3 (PW,204o) gives a catalyst with the original high activity and selectivity (12th reuse, 
3.5 hours, 91% by weight). 

Example 3 : Oxidation of diethanolamine 

a) Preparation of the catalyst 

A suspension of 8.26 g of activated Raney copper in 20 ml of water is stirred with 0.25 g of 
NH4F in 20 ml of water, and then left to stand for 15 minutes. The whole mixture is 
subsequently transferred to a 300 ml nickel autoclave. 

b) Oxidation of diethanolamine 

To the catalyst are added 42.8 g of diethanolamine (0.4 moles), 20 ml of water and 33.6 g 
of NaOH (0.84 moles) in the form of a 50% aqueous solution. Afterwards, heating is 
effected to 160°C (9.5 bars, pressure regulating valve) and stirring takes place until the 
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hydrogen generation is no longer observed (4 hours). The yield of iminodiacetic add 
disodium salt according to NMR analysis is 98% by weight 

c) Reuse of the catalyst 

The autoclave containing the reaction mixture is cooled to 100°C. The supernatant solution 
is suctioned off through a riser, and the modified Cu catalyst remains in the autoclave. 
Then, diethanolamine and NaOH are added in the above-described proportions and reacted 
under the specified conditions. Up to the twentieth reuse, the catalyst shows only slight 
activity loss (5 hours, 87% by weight), and selectivity is maintained. Renewed impregnation 
with NH 4 F or dispensing in NH 4 F during the reaction gives a catalyst with the original high 
activity and selectivity (21st reuse, 4 hours, 91% by weight). 

Example 4: Oxidation of diethanolamine with the addition of benzaldehyde or 4-hydroxy- 
benzaldehyde 

a) Preparation of the catalyst 

A suspension of 8.26 g of activated Raney copper in 20 ml of water is stirred with 0.25 g of 
NKUF in 20 ml of water, and then left to stand for 15 minutes. The whole mixture is 
subsequently transferred to a 300 ml nickel autoclave. 

b) Oxidation of diethanolamine 

To the catalyst are added 42.8 g of diethanolamine (0.4 moles), 4.25 g of benzaldehyde or 
4.9 g of 4-hydroxybenzaldehyde, 20 ml of water and 33.6 g of NaOH (0.84 moles) in the 
form of a 50% aqueous solution. Afterwards, heating is effected to 160°C (or 180°C) 
(9.5 bars, pressure regulating valve) and stirring takes place until the hydrogen generation 
is no longer observed. 



Addition 


Temperature (°C) 


Duration of reaction (mins.) 


benzaldehyde 


160 


210 


benzaldehyde 


180 


67 


4-hydroxybenzaldehyde 


160 


210 


4-hydroxybenzaldehyde 


180 


53 


none 


160 


270 



WO 00/32310 



PCT/EP99/09267 



-11 - 

The yield of iminodiacetic acid disodium salt according to NMR analysis is 97-98% by 
weight. 

c) Reuse of the catalyst 

The autoclave containing the reaction mixture is cooled to 100°C. The supernatant solution 
is suctioned off through a riser, and the modified Cu catalyst remains in the autoclave. 
Then, diethanolamine, 4-hydroxybenzaldehyde (or benzaldehyde) and NaOH are added in 
the above-described proportions and reacted under the specified conditions. Up to the 
twentieth reuse, the catalyst shows only slight activity loss, and selectivity is maintained. 
Renewed impregnation with NKUF or dispensing in NH 4 F during the reaction gives a catalyst 
with the original high activity and selectivity (21st reuse, duration of reaction 72 minutes, 
yield 92% by weight). 
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What is claimed is : 

1. Raney copper, which is doped with an effective quantity of a doping agent selected from 
the group boric acid, onium fluorides, salts of fluorine complex anions, and heteropoly 
acids. 

2. Raney copper according to claim 1 , in which the minimum quantity of doping agent is 
10 ppm, based on the Raney copper. 

3. Raney copper according to claim 1, in which the maximum quantity of doping agent is 
10000 ppm, based on the Raney copper. 

4. Raney copper according to claim 1 , in which the onium fluorides correspond to formula I, 

r^xh-f" (I). 

wherein X is N or P and the symbols R are identical or different and signify H, Ci-Cao-alkyI, 
CrCarhydroxyalkyl, Ci-C4-alkoxy-CrCi2-alkyl, C 2 -Crcycloalkyl, Ce-Cio-aryl, CrC t2 -aralkyl or 
CrCiralkaralkyl. 

5. Raney copper according to claim 4, whereby the compound of formula I is NH 4 F. 

6. Raney copper according to claim 1 r whereby the salts of fluorine complex anions are 
alkali metal salts of formula II, 

Me + Y- (H), 

wherein Me is NH 4 * or an alkali metal cation, and Y signifies a perfluorine complex anion 
from the group BF 4 \ AIF 4 \ PF 6 ", AsF 6 \ SbF 6 " or BiF 6 \ 

7. Raney copper according to claim 1 , whereby the heteropoly acids are those of formula III, 
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H n (ZM 12 04o) 



("I). 



wherein Z is P, B, Si or Ge, M is a metal from the group W f Mo and V, and n is an integer 
from 3 to 6. 

8. A process for the production of amine-group-containing carboxylic acid salts by oxidation 
of amine-group-containing primary alcohols in an aqueous-alkaline reaction medium, in the 
presence of a modified Raney copper catalyst and at elevated temperature, whereby the 
Raney copper is doped with an effective quantity of a modifying agent selected from the 
group boric acid, onium fluorides, salts of fluorine complex anions and heteropoly adds. 

9. Process according to claim 8, in which the catalyst is used in a quantity of 0.1 to 30% by 
weight, based on the primary alcohol. 

10. Process according to claim 8, in which the amine-group-containing primary alcohols 
correspond to formula IV, 



wherein Ri and R 2 , independently of one another, are H t linear or branched, Ci-Ci8-alkyl 
either unsubstituted or substituted by F, CI, Br, -NH 2l Ci-C 4 -alkoxy, d-C 4 -halogenalkyl or 
-COOH; QrCr-cycloalkyi, Ce-do-aryl or CrCiraralkyl either unsubstituted or substituted by 
F, CI, Br, -NH 2 , CrC 4 -alkyl, Ci-C 4 -alkoxy, C r C 4 -halogenalkyl; phosphonomethyl; Ri and R 2 
together are tetramethylene or pentamethylene; or R t and R 2| independently of one 
another, have the significance R3-CH 2 OH; and R 3 is linear or branched d-C ir alkylene 
which is uninterrupted or is interrupted by Qj-Qrcycloalkyl or C 6 -C 10 -ary1. 



\ 




N R,- 



CHjOH 



(IV), 



INTERNATIONAL SEARCH REPORT 


PCT/EP 99/09267 


IPC 7 B0W25/00 C07C227/02 




Aooorritog totnfoiiMttijrid POtort QaeaBcaflon (tFO) of to boto naflonri (fawMotfan and IPC 




& H£LD8 SEARCHED 


wwmrn cncuTtanuDon mxraa (ctaeancason fyvsn noiawaa oy GmHBcaan •mtvooh 

IPC 7 B01J C07C 



PocumonteflonaejwhodotooriooinB^ to too Mofcaoexhod 



D c cliu ii u ^iIa beeo cflne dte d durtng too iiienieJcnd •Mich (nemo of 442a booo end, otoero pr ocd c e t eoowh terme uood) 



a DOCWetNTB OONUERB) TO BC RELEVANT 



Category* 


Caoflon of document wflh todoaflcrv whore appropriate) ol too ratovenj pOjOeoQoe 


MwMto«ktaN0L 


A 


US 5 292 936 A (FRANCZYK THADDEUS S) 
8 March 1994 (1994-03-08) 




A 


EP 0 506 973 A (NIPPON CATALYTIC CHEN IND) 
7 October 1992 (1992-10-07) 




A 


US 3 928 441 A (HUNTER U00D EUGENE ET AL) 
23 December 1975 (1975-12-23) 




A 


GB 642 861 A (REYNOLDS PETER U) 
13 September 1950 (1950-09-13) 





□ 



Rather doounonhi are Mod In toe oordtoueflon of box C 



Patent terrify membere are Mod to annex 



"A" doounont deflntoQ too general atuto of the art ojhksh la not 
conetdored to bat of pafDOUBV rejevonoe 

aajflaf doounani but pubfohed on or after too totofnottond 

flklQOJBtB 

T." doounent wrosh may tony ckatoto on priority otatoi(e)or 
which li JtfcJ to eetabOah too prtflcason data of another 
cftaf on or otoor apodal roaaon (aa apedfiod) 

doounani lefenfng to an oral o tod oame, uee, exhJbtflon or 



"T* later document pubflohod after to o t jte ii laflo nal^ Wng d ate 
cc priority date and no< to oonflctwflh toe ajjaeceOon but 
craw oj u n ooj a ana wo pnncBjoo or woory troaawrejuw 



V document put toh od prior to too to t o waJtu nd Sing data bit 
later toon too priority data daJmod 



"X" document of parte i ar rotev a noo? too clapped fcwanUon 
cannot booonalderodnovd oroanndboccrvidered to 
tovotoentotfentveetepwhentoodo taken alone 

T documert of peddl er fd o va n c e: the claimed hveralon 
cannot booonddarod to tovdve an towt rfyo a ta ojohan too 
dtooumenttaoombtood wRh one or mora other ouch docu- 
monte, audi oontotoajtan betng obdouo to a po ra o n a 
to toe art. 

*&* document member of tooeamo patent tamly 



Date of toe aotod ccrapteoon d toe HetrtsfloneJ aeajoh 

2 March 2000 


uoxo or mating ci oie uvamasonai eeaicn report 

16/03/2000 


Name and maltog addnoa of too ISA 

European Potent OOoo, PA. 6018 Potonlaan 2 
NL-2280HVR*j«t)t 
Tot (431-70) 340-2040. TX 31 061 opart. 
Fox (431-70) 340-3016 


Autoottood cHoor 

Thlon, N 



ftrm PCTOTAflW (•aoond atad) (Jdy 1 980) 



INTERNATIONAL SEARCH REPORT 



AppitMJonNo 

PCT/EP 99/09267 



PttMt docunwnt 


PtMctiton 




rusnx r&nuy 


2t» 


ctod In Miflsti report 


<Utm 




■ - * » 

lTWITKJOr\9/ 




US 5292936 A 


08-03-1994 


AT 


160770 T 


15-12-1997 




AT 


163403 T 


15-03-1998 




AU 


673260 B 


31-10-1996 




AU 


6627294 A 


08-11-1994 




BR 


9405924 A 


12-12-1995 




CA 


2121020 A 


13-10-1994 




CA 


2159828 A 


27-10-1994 




CN 


1120835 A 


17-04-1996 




DE 


69407082 D 


15-01-1998 




DE 


69407082 T 


02-07-1998 




DE 


69408662 D 


02-04-1998 




DE 


69408662 T 


24-09-1998 




EP 


0620209 A 


19-10-1994 




EP 


0694030 A 


31-01-1996 




ES 


2113648 T 


01-05-1998 




6R 


3026591 T 


31-07-1998 




.ip 

wr 


9CQQC7A R 


MUU. 1Q07 




JP 


7002730 A 


06-01-1995 




KR 


174786 B 


01-04-1999 




NZ 


265493 A 


28-10-1996 




HO 


9424091 A 


27-10-1994 




US 


5367112 A 


22-11-1994 




US 


5739390 A 


14-04^1998 


EP 0506973 A 


07-10-1992 


AU 


636803 B 


06-05-1993 




AU 


8711791 A 


20-05-1992 




CA 


2071999 A,C 


24-04-1992 




DE 


69115883 D 


08-02-1996 




DE 


69115883 T 


05-06-1996 




UK 


CA£073 T 






ES 


2081497 T 


01-03-1996 




WO 


9206949 A 


30-04-1992 




JP 


2916256 B 


05-07-1999 




KR 


9506892 B 


26-06-1995 




NX 


9101721 A 


05-06-1992 




US 


5220055 A 


15-06-1993 


US 3928441 A 


23-12-1975 


AU 


471081 B 


08-04-1976 




AU 


7390574 A 


08-04-1976 




RF 
DC 




11-04-1975 




CA 


1030982 A 


09-05-1978 




DE 


2448603 A 


17-04-1975 




FR 


2247451 A 


09-05-1975 




6B 


1459016 A 


22-12-1976 




JP 


50088022 A 


15-07-1975 




NL 


7413371 A 


15-04-1975 


6B 642861 A 




DE 


846249 C 






FR 


992765 A 


03-11-1951 




US 


2604455 A 


22-07-1952 



Font PCWSAfiio (ptfrtftntym* fcUy 1M2) 



